	Author, Year
	Study Design
	Participants
	Type of surgery 
	Type of application 
	Neurosurgical Area 
	Software 
	Hardware 
	Use of a haptic device 
	Sites of Connection (National, International or Local Level) 
	Technology 
	Internet Connection 
	Utility and Outcomes 

	Limitations and technical difficulties 

	Gonzalez-Romo, 2023 [8]
	Pilot study
	20 neurosurgery residents 
	Cranial
	Education
	Microsurgical Anatomy 
	Spatial (Spatial Systems, Inc., Emeryville, CA)
	VR headsets, laptops, tablets, smartphones
	Y
	International: 
Phoenix, Arizona, USA – Ankara, Turkey
	VR
	NR
	Useful. Ten immersive anatomy environment models were externally validated. 
	Small sample size of the virtual models and participants. 
Three-dimensional reconstruction techniques required further refinement. 
Absent performance metrics to evaluate the educational benefits of this approach. 

	Liu, 2022 [13]
	Pilot study
	6 neurosurgeon experts and 18 junior neurosurgeons 
	Cranial
	Education
	Tumor
	OpenGL (includes OpenHaptic)
	Two force feedback devices, a desktop computer, an external camera, and a wireless keyboard.
	Y
	National: 
Shanghai - Cheng Du – Kunming - Chong Qing
	VR and AR
	5G
	Useful. The three basic training modules (peg transfer, skin cutting, and skull drilling) corresponding to the AR simulator were utilized and demonstrated to be better than those of the VR simulator in terms of vision and tactility.

	Simulation of more details, such as blood flow and pulse, was missing. Improved representation of the AR environment was needed to generate immersive, high-fidelity surgical scenes. 

	Hassan, 2022 [14]
	Case series
	1 neuro-endovascular fellow and 1 attending surgeon 
	Cranial
	Telesurgical assistance
	Vascular
	Proximie platform
	Five cameras, a laptop, and a screen
	N 
	Local: 
Neurosurgery – Radiology departments
	AR
	NR
	Useful. Ten consecutive neuro-endovascular cases were performed (7 diagnostic cerebral angiograms, 1 balloon-assisted coiling, 1 diagnostic angiogram + embolization of MMA, and 1 diagnostic angiogram + mechanical thrombectomy of MCA) on 8 patients by a fellow, who was assisted by the attending neurosurgeon.
All cases were a technical success (no complications or deaths occurred).
	Single-center experience only.
Cases were considered straightforward: carotid stenting or diagnostic angiography.  

	Cofano, 2021 [10]
	Case series
	Neurosurgeons, residents and medical students
	Spinal
	Telesurgical assistance, surgical planning, and education
	Spine surgery
	Teamviewer pilot and Holosurgery app.
	AR googles, laptops
	N
	Local:
Neurosurgery – radiology departments
Neurosurgery department – home
	AR
	NR
	Useful for lumbar arthrodesis procedures.
Telesurgical assistance: In 12 arthrodesis cases (5 LLIF and 7 TLIF).
Surgical Planning: In 3 cases, AR allowed the planning of CBT procedures.
Education: The surgeon educated four residents and two medical students about 2 live streaming cases (LLIF, 1 TLIF). 

	NR

	Salmimaa, 2018 [16]
	Pilot study
	22 neurosurgeons 
	NR
	Education
	NR
	NR
	Four cameras, three PCs with eyewear, and several mobile devices
	N
	Local: 
Neurosurgery OR – external auditorium 
	VR
	3G
	Useful. 
Participants evaluated the quality of experience (Image Quality, Perceived Depth, Overall Quality, and Naturalness) positively. Based on the group Presence Questionnaire (IPQ) results, the participants clearly experienced a sense of being present in the operating theatre. 

	NR

	Davis, 2016 [11]
	Case series
	Neurosurgeons
	Cranial
	Education
	Pediatrics 
	VIPAR
	iPad Air 2 tablets at both stations
	N
	International: 
Birmingham, Alabama, USA – Ho Chi Minh City, Vietnam
	AR 
	3G
	Useful. The study explicitly describes 15 ETV/CPC procedures performed using VIPAR with no complications; 80% remained shunt-free at follow-up.
Excellent image resolution allowed the remote neurosurgeon to visualize all critical anatomy.

	Analysis of 5 video clips revealed video delay of 237 milliseconds (range, 93−391 milliseconds) relative to the audio signal.
The cost of establishing the neurosurgical stations was relatively expensive, including the visiting team expenses.

	Ponce, 2016 [9]
	Case series
	30 surgeons and 51 patients
	Cranial
	Patient monitoring
	Functional Neurosurgery

	Virtual Interactive Presence 
	Smartphone
	N
	Local: 

Neurosurgery department – patient´s home
	AR
	3G and 4G 
	Useful. Patients and surgeons felt that interactions were generally superior to a phone calls and text/email communications. 
	Difficulties with finding mutually agreeable appointments.
Patient's proficiency with the technology.
Internet connection limitations, such as image distortion and lagging.

	Shenai, 2014 [7]
	Pilot study
	Participants degrees NR.
	Cranial 
	Education
	Microsurgical Anatomy

	VIPAR
	Local and remote stations with integrated video capture and display devices via commercial teleconferencing devices
	N 
	National: 

Birmingham, Alabama, USA – Indianapolis, Indiana, USA
	AR 
	NR
	Useful. Participants at both stations were able to visually and verbally interact while identifying anatomical structures, guiding surgical maneuvers, and discussing overall surgical strategy.
	Video analysis of 3 separate video clips yielded a mean compositing delay of 760 ± 606 msec (when compared with the audio signal).


	Shenai, 2011 [15]
	Pilot study
	1 neurosurgeon, 1 resident and 1 anatomist
	Cranial
	Education
	Microsurgical Anatomy
	VIPAR
	Local and remote stations with integrated video capture and display devices
	N
	Local: 

Neurosurgery Department – Local and remote stations
	AR 
	Standard internet connection
	Useful. The VIPAR system allowed for real-time, virtual interaction between a local (resident) and remote (attending) surgeon during a carotid endarterectomy and pterional craniotomy performed in a cadaver head.
	Camera resolution, color contrast, time lag, and depth perception were identified as technical issues.


Table 2. Summary of Technical Details, Utility Outcomes, and Limitations of Remote Augmented and Virtual Reality Technologies. AR: augmented reality; CBT: cortical bone trajectory; VR: virtual reality. MCA: middle cerebral artery. MMA: middle meningeal artery; TLIF: Transforaminal Lumbar Interbody Fusion; LLIF: Lateral Lumbar Interbody Fusion; ETV: endoscopic third ventriculostomy; CPC: choroid plexus coagulation. VIPAR: Virtual Interactive Presence and Augmented Reality
